ABSTRACT. Due to high temperatures in arid regions, cotton crop emergence and early establishment of seedlings are adversely affected. Field studies were undertaken to quantify the effects of transplantation of cotton (Gossypium hirsutum L.) seedlings during the early part of the growing season (March) and crop season (May) for potential realization of cotton productivity under the harsh weather of the southern part of Punjab province, Pakistan. Treatments, consisting of (a) two planting dates (March and May), and (b) two sowing methods (transplanting of seedlings and direct seeding), were arranged in a randomized complete-block design with four replications. Results showed that transplanting seedlings improved the productivity of cotton by 14.2% over direct seeding. Productivity was also increased substantially (34.8%) by planting during March over May sowing. The practice of planting cotton by transplanting seedlings and early sowing could be successfully adapted in areas where high temperatures coincide with the May planting and peak blooming periods in different cotton growing areas.
Introduction
Cotton (Gossypium hirsutum L.) is an important crop world-wide (Buttar et al., 2013; Jalota et al., 2008; Mayee, Monga, Dhillon, Nehra, & Pundhir, 2008; Ahmad et al., 2017) . In the world, Pakistan ranks as the fourth-largest cotton producer in terms of area and production after China, India and USA, and third-largest consumer after China and India. Pakistan has been trying to maintain its position among cotton producers and consumers in the world (Shafiq & Rehman, 2000; Wajid et al., 2010; Ali et al., 2013a; 2013b; 2015) .
The prevalence of high temperatures (45-48ºC) during the cotton-growing season, especially in the early and mid-season, limits potential yield of the cotton crop in this part of the world (Ali, Afzal, Ahmad, & Muhammad, 2009; Usman et al., 2009; Ali et al., 2010; 2013a; 2013b; Amin et al., 2017a; 2017b) . It is commonly understood that flowers appearing during July and August cannot produce good quality lint due to the poor opening of harvestable bolls under the prevalence of high temperatures during this growth period (Dong, Zhang, Tang, Li, & Li, 2005a; Dong, Li, Tang, Li, & Zhang, 2005b; Ali et al., 2010; Tariq et al., 2017) . Thereby, early planting during March may reduce the chance of adverse effects of early and mid-season high temperatures (Pettigrew, 2002; Khan, Khaliq, & Ahmad, 2004; Ali et al., 2009; Usman et al., 2009; Wajid et al., 2010; Ali, Hameed, Ahmad, Shahzad, & Sarwar, 2014a; Ali et al., 2014b) . The planting of cotton during high temperatures increases the risk of exposing the cotton seedlings to heat stress, which ultimately results in poor plant population (Ali et al., 2010; 2011; Tariq et al., 2017; Ahmad et al., 2017) . In the past five years, cotton growers have shifted to the early planting of cotton to avoid the risk of heat stress on the emergence of seedlings during May and maintain optimum plant population. Of the other potential options, transplanting cotton seedlings offers the best opportunity for the proper establishment of cotton seedlings under high temperatures. In this system, cotton seedlings are raised in a greenhouse during the early season, then transplanted to open fields in March (Dong, Li, Tang, & Zhang, 2004; Dong et al., 2005a; 2005b; Ali et al., 2010) . Transplanted cotton has been found to be profitable because it maintains optimum plant population and a greater number of bolls per unit area. Similarly, advantages of transplanted cotton relative to seed cotton and lint yield have been found in other cotton-growing countries (El-Sahrigi, Kamel, & El-Khatib, 2001; Karve, 2003; Dong, Li, Tang, Li, & Zhang, 2007) . Very little research has been conducted and reported regarding enhancing productivity by transplanting during the early growing season to avoid high temperatures at the time of planting and reproductive development. Therefore, field studies were undertaken to quantify the effects of early sowing and transplanting of seedlings on cotton productivity in comparison to the traditional time and method of sowing.
Material and methods
The field experiments were conducted at Cotton Research Station, Multan (71.43 E, 30 .2 N, 122-meter altitude) during the growing seasons 2011 and 2012. The climate is very hot during summer and very cold during winter, and the annual rainfall is below 100 mm. The maximum temperature varied from 16.6 to 48.8ºC, and minimum temperature ranged from 7.5 to 32ºC (Figure 1 ). The nursery of cotton seedlings (cv. MNH-886) was raised in polyethylene pots (Figure 2 ). The pots were filled with 0.5 kg of sandy clay loam soil, and 2-3 seeds were dibbled. The nursery for the early sown crop (March) was kept in the greenhouse during both years, and the nursery pots were kept in open space for the seasonal sown crop (May). Sowing of the nursery was done on 15th February for the early sown crop during both years and on 15th April for the seasonal crop. Nursery seedlings were irrigated with a shower until seedlings gained a height of 10-12 cm. The nursery of cotton seedlings was transplanted in the field on raised beds on 1st March for early sowing and 1st May for seasonal sowing. Small holes were dug manually on the edge of the furrows at 30 cm apart from plant to plant, then polyethylene pots were placed in the holes after puncturing their bottom. The direct sowing of the crop was also done on the same day. The treatments consisted of two times of planting, i.e., early sowing (March) and seasonal sowing (May), and two methods of sowing (transplanting of seedlings and direct seeding) and were arranged in a randomized complete block design with four replications. The standard agronomic practices were carried out during the season. The soil was alluvial, calcareous and alkaline in reaction, free from any physical impediments and well drained. The fertility status of the soil was medium and deficient in nitrogen and phosphorus. The basal dose of N, P and K was applied at the rate of 120 kg N, 50 kg P 2 O 5 and 30 kg K 2 O ha -1 . The entire quantity of phosphorus, potassium, and one-third of nitrogen was applied at planting, and the remaining nitrogen was applied in equal quantity at first flower and peak flowering stage. A total of eight irrigations were applied to the cotton crop. The amount of water per irrigation was 75 mm. The crop was protected against insect pests at the economic threshold level (ETL) and was harvested during October. At the time of harvest, seed cotton was picked manually, and data were collected on the area bases. Data on yield components, i.e., number of bolls per plant, boll weight and plant height, were also recorded by randomly harvesting cotton plants from one square meter area from three places in the experimental plots. Data were analyzed statistically according to the methods of Steel, Torrie, and Dickey (1997) .
Results and discussion
Data for main stem height and number of nodes per plant differed significantly depending on the time of sowing, planting methods and their interactions (Table 1 and 2). The early-sown crop (during March) attained higher plant height compared to the seasonally sown crop (during May). Moreover, the transplanted crop attained a significantly higher plant height and number of nodes on the main stem compared to the direct seeding crop. The crop planted in March through transplantation of seedlings attained the highest plant height and number of nodes compared to direct seeding during March. The transplanted crop attained 1.7% higher plant height compared to direct seeding. Additionally, the March planting attained 6% higher plant height compared to seasonal sowing. The substantial increase in plant height in the transplanted crop is due to earlier attainment of higher vegetative growth under favorable weather conditions compared to passing through its establishment stage under harsh weather conditions. It is well evidenced that vigorous growth during the establishment period and maintenance of proper plant density results in higher productivity than that of thinly populated and retarded growth during harsh temperature.
The components of seed cotton yield were also significantly affected by differential treatments of planting time and methods and their interactions. Averaged across two seasons, the crop sown in March retained 39.1 bolls compared to 31.0 bolls per plant in May sown crop, i.e., 26% more bolls were gathered from March planting over the May planted crop. Furthermore, the transplanted crop produced 17.4% higher number of bolls compared to direct seeding. Similarly, the crop planted in March through transplanting retained the maximum number of bolls compared to other interactions. The crop planted during March produced heavier bolls by 5.8% compared to the May sown crop. Similarly, the transplanted crop witnessed an edge of 1.6% heavier bolls in comparison with the direct seeding method. There was a strong interaction for production of heavier bolls by planting crop during the month of March by transplanting method. The production of a higher number of bolls per plant and heavier bolls in differential treatments resulted in a higher productivity of cotton. On average, the crops planted in March and May produced 3986 and 2957 kg ha-1 seed cotton yield, respectively. Data show that a 34.8% higher seed cotton yield was achieved by planting the crop during March rather than May. Similarly, a 14.2% higher seed cotton yield was harvested from the transplanted crop in comparison to the crop from direct seeding.
The interaction between March sowing and transplanting of seedlings caused significant differences in producing seed cotton yield in comparison with other interactions under study. The transplanted crop planted during March retained a greater number of bolls on the first three positions along sympodia due to favorable weather conditions during the earlier part of their reproductive development. The retention of the bolls near the main stem accumulated greater photosynthates compared to bolls present on the periphery of the sympodia. Averaged across two seasons, the net returns from the transplanted cotton were US$2580 compared to 2238 derived from the direct seeding system. Moreover, planting cotton during the earlier part of the season brought a net return of US$2399 compared to 1712 received from the normal sowing period (Table 3 ).
The cotton plant has characteristics of indeterminate growth habit because vegetative and reproductive growth occurs simultaneously during the season. The development of buds, flowers, and bolls require differential needs for their development, and thereby are sensitive to external environments (Tariq et al., 2017; Ahmad et al., 2017) . The production of greater dry matter of reproductive parts compared to vegetative parts results in higher yields. The development of vigorous growth during the early part of the growth season supports the crop in combating the harsh environments during reproductive growth (Jost & Cothren, 2000; Gormus & Yucel, 2002) . In most of the cases, the shifting of cotton planting in early season is restricted due to lower soil temperature (Basavanneppa, Briadar, & Yelamali, 2001; Shastry, Sharma, & Mandloi, 2001; Dong et al., 2003) . This limitation can be avoided by raising the planting nursery into a greenhouse-like environment and then planting in the field (Zhang, Li, Wang, & Nan, 2012) . This strategy gives the best option for improving the earliness indices, i.e., early flowering, its lengthening period and more importantly, early maturing of bolls (Xiang et al., 2006) . Dong et al. (2007) also reported that transplantation of cotton seedlings during the early season aided in extending the period of reproductive development (flowering and bolling), thus improving the reproductive-vegetative ratio during the season. Wang, Isoda, and Wang (2004) reported that the transplanting of cotton could allow the crop to escape early and mid-season weather stress in certain production areas. Pettigrew (2002) advocated that the period of peak flowering could be lengthened by the early shifting of cotton plantings. Ali et al. (2013a; 2013b) , and have all reported that agronomic practices offer potential options, i.e., change in planting date, plant geometry and plant densities, to increase harvest yield and quality of lint. Pettigrew (2002) reported an increase of 10% improvement in cotton yield from an early-planted crop compared to a normally sown crop. The enhancement in yield was attributed to a higher number of bolls per unit area and production of heavier bolls. Moreover, the retention of bolls on the first three positions along the sympodia contributed greatly towards the production. The early sown crop witnessed a lower abortion rate of fruit and resulted in retaining a greater number of bolls on the plants Ali et al., 2014a; 2014b) . The results of this study show that cotton transplanted during the early season translated into higher production by 14.2% over direct seeding. The improvement in yield also occurred by transplanting cotton during the early period (March) compared to the normal sowing period (May). The early-season transplanted crop initiated its reproductive development ten days earlier than the direct seeding method (Figure 3) . The initiation of early vegetative development, production of a higher number of fruiting bodies and their retention on earlier positions along sympodia made the crop earlier to mature than a normally seeded crop. Similar results have also been reported by Dong et al. (2007) that manipulating cotton planting by transplanting cotton seedlings in the early part of the season avoided the hazards of high temperature during months of May and June and lengthened the reproductive development for higher productivity.
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Conclusion
Cotton crops are highly susceptible to weather vagaries, and harvesting its potential is a means of maintaining the edge of reproductive development over vegetative growth. The hazards of harsh weather could be avoided by transplanting cotton seedlings during the early part of the season instead of using the conventional planting method. The productivity of cotton crops could be improved by 14% over the direct seeding method by transplanting seedlings. Moreover, this profitability could be further increased substantially (35%) by planting cotton during the month of March compared to May.
